Insertional mutagenesis was applied for the first time to a fungal biocontrol agent, Pseudozyma flocculosa, in an attempt to obtain mutants with altered antagonistic properties. Transformants were obtained via DNAmediated transformation. Molecular analyses of the transformants revealed that multiple copies of the plasmid were integrated in tandem at one to many chromosomal loci. The transformants were screened for their biocontrol properties using standard bioassays, and the 160 tested transformants were classified into four groups: group I mutants (22 transformants) showed a stronger antagonistic effect than the wild type (WT) while those of group II (107 transformants) had a comparable antagonistic effect; group III mutants (17 transformants) had a decreased antagonistic effect relative to WT and group IV mutants (14 transformants) had lost their biocontrol properties. Culture extracts of the mutants (group IV) and WT were analyzed and compared for the presence of active metabolites which were then separated by solid-phase extraction and purified using conventional methods. Nuclear magnetic resonance experiments and analytical studies on a metabolite specifically produced by the WT revealed the presence of 2-(2,4-diacetoxy-5-carboxy-pentanoyl) octadecyl cellobioside (flocculosin), a novel glycolipid with strong antifungal properties; the production of this compound would account for the biocontrol activity of P. flocculosa.
Biocontrol agents of plant diseases are a particularly interesting and underinvestigated source of biologically active compounds, because antibiosis is a frequent mechanism by which they exert their antagonistic activities. For example, Pseudozyma flocculosa (Traquair, L. A. Shaw et Jarvis) Boekhout et Traquair (syn. Sporothrix flocculosa Traquair, Shaw et Jarvis) is a basidiomycete fungus related to anamorphs of Ustilaginales (5) which displays strong antagonistic activity against powdery mildew fungi (4). As a promising biocontrol agent, P. flocculosa has been studied extensively with regards to its mode of action. A number of microscopical and chemical studies have suggested that the principal mode of action of P. flocculosa is antibiosis and that production of fatty acids by the fungus plays an important role in its biocontrol potential (2, 4, 14) . For this role to be confirmed, the creation of mutants with diminished or no antagonistic properties would be invaluable; however, the molecular biology and genetics inherent to the activity of P. flocculosa are poorly understood. Recently, our laboratory has established transformation-mediated genetic manipulation methods for this fungus (8) ; this creates opportunities to exploit and characterize the genome structure of this fungus and the molecular and chemical mechanisms involved in biocontrol activity.
Insertional mutagenesis by DNA-mediated transformation has been well developed in recent years. Fungal transformation with DNA that does not exhibit homology with the host's genome results in heterologous integration into the genome; this makes it possible to use the transforming DNA as an insertional mutagen to disrupt genes. Insertional mutagenesis has been used as a genetic tool to mutagenize and tag genes in several fungal species, including Saccharomyces cerevisiae (27) , Dictyostelium discoideum (17) , Cochliobolus heterostrophus (20) , Neurospora crassa (11) , Ustilago maydis (6) , Alternaria alternata (1) , Coprinus cinereus (13) , and Magnaporthe grisea (3, 28, 30) . However, it has never been applied to fungal biocontrol agents, where it could be a promising approach to unveil genes or gene products involved in the antagonistic activity of the fungus.
In this work, we report the first production of insertional mutants of P. flocculosa generated by genetic transformation. Through this successful transformation, we were able (i) to create several mutants, some of which had completely lost their biocontrol activity, and (ii) to discover an unusual and rare cellobiose lipid with antifungal activity absent in deficient mutants of P. flocculosa.
MATERIALS AND METHODS
Fungal material. P. flocculosa wild-type (WT) strain PF-1 (ATCC 64874) was used in this study. Stock cultures were maintained at 4°C on YMPD (yeast extract, 3 g/liter; malt extract, 3 g/liter; peptone, 5 g/liter; dextrose, 10 g/liter) agar (Difco, Detroit, Mich.), and biomass was grown in the same medium at 25°C in a broth under constant agitation (150 rpm) in indented flasks. Potato dextrose agar (PDA) (Difco, Sparks, Md.) medium and PDB (Difco, Detroit, Mich.) broth were used for bioassays. Phomopsis sp. was used as a preliminary screening method to evaluate the antagonistic activities of transformants. Sphaerotheca fuliginea (Schlechtend.:Fr.) Pollacci, the fungal pathogen responsible for cucum-ber powdery mildew, was maintained on Cucumis sativus L. cv. Corona. Pythium aphanidermatum (Edson) Fitzp., Botrytis cinerea Pers.:Fr., Phytophthora infestans (Mont.) de Bary, Fusarium oxysporum f. sp. radicis-lycopersici Jarvis et Shoemaker, and Idriella bolleyi (Sprague) Arx were maintained on PDA medium. Candida albicans (Robin) Berkhout (ATCC 18804 and 66027) cultures were maintained on YMG (yeast extract, 4 g/liter; malt, 10 g/liter; glucose, 4 g/liter) agar medium. These fungi were used in bioassays to investigate the antifungal spectrum of any compound(s) discovered.
Fungal transformation. Protoplasts of P. flocculosa WT were prepared according to the method Cheng and Bélanger (7) . The plasmid pSceI-Hyg, which contains the promoter and terminator sequences of the hsp70 gene from U. maydis and an hph gene from E. coli conferring resistance to hygromycin B (Boehringer Mannheim, Germany), was linearized using the restriction endonuclease XhoI and then transferred into protoplasts by adding polyethylene glycolCaCl 2 (BDH, Poole, England), as described by Cheng et al. (8) . Transformants were selected on YMPDA medium amended with 0.8 M sucrose as osmotic stabilizer and 50 g/ml of hygromycin B as screening agent.
Preliminary screening of transformant antagonistic activity with Phomopsis sp. P. flocculosa WT and the transformants were grown on petri plates containing 15 ml of PDA for one week at room temperature. A 5-mm agar plug from actively growing WT or transformant colonies was inoculated in the center of sterile agar plates and incubated at 22°C for 24 h. Three inoculation plugs from an actively growing colony of Phomopsis sp. were then placed around the P. flocculosa colony at a distance of 1.5 cm (Fig. 1) . After 72 h of incubation, the distance between the margins of the colonies of transformants and Phomopsis sp. was recorded. The growth of Phomopsis sp. was recorded as the distance from the inoculum to the margin side of the colony facing the transformants of P. flocculosa (Fig. 1) . For each transformant, three replicate plates were produced (Table  1) .
Secondary screening of transformant antagonistic activity with S. fuliginea on infected cucumber leaves. Mycelial disks (5 mm) from P. flocculosa transformants and WT were incubated in PDB broth for 3 days. Foliar disks (5 cm) from cucumber leaves infected with S. fuliginea (disks were cut from leaf portions covered with ca. 95% S. fuliginea colonies) were transferred to petri dishes containing 0.2% N-P-K (20:20:20, percent weight) fertilizer and 0.8% Bacto Agar. Leaf disks were then sprayed with a suspension of transformants and WT containing ca. 10 4 conidia/ml and incubated at room temperature for 48 h. Sterile PDB broth served as a control. Conidial chains of S. fuliginea were observed using a dissecting microscope (Olympus SZ-PT, Fukuoka, Japan), and rated based on their level of collapse as described by Jarvis et al. (15) (0 ϭ no collapse, 1 ϭ 1 to 25% collapse of conidial chains, 2 ϭ 26 to 50%, 3 ϭ 51 to 75%, 4 ϭ 76 to 100% collapse). This experiment was repeated three times as described in Table 2 .
Genetic analyses. Genomic DNA was extracted from freeze-dried transformants which were maintained on hygromycin B liquid media according to the protocol of Möller et al. (21) . Southern blot analysis was performed using (25) . Chromosomal DNA plugs were prepared using previously described methods (8) , and contour-clamped homogeneous electric field (CHEF) electrophoresis was carried out in 1% SeaKem GTG (FMC Bioproducts, Rockland, Maine) agarose in a 0.5ϫ Tris-borate-EDTA running buffer at 14°C, using a CHEF-DRIII apparatus (Bio-Rad, Hercules, Calif.). The switching interval used was 90 to 180 s, with total run times of 33 h, at 4.4 V/cm, and the included angle between the electric fields was 120°. The gel was transferred to a GeneScreen plus membrane (NES Research Products, Boston, Mass.) in 0.4 N NaOH as recommended by the manufacturer. Plasmid DNA probes were prepared with 32 P using an oligolabeling kit (Pharmacia, Piscataway, N.J.). Hybridization was performed at 65°C overnight, prior to washing the membrane twice with 0.1ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and 1% sodium dodecyl sulfate for 20 min at 65°C.
Comparison and bioassay of WT and transformant extracts to characterize antifungal compounds. WT and transformant cultures including six stable group IV mutants and three group I mutants were grown at 25°C in petri dishes containing 20 ml of Czapek Dox broth (Difco, Sparks, Md.) supplemented with 0.4% Phytagel (Sigma, Steinheim, Germany) and hygromycin B (50 g/ml; for transformants only) for 8 days. Cultures as well as medium were collected, freeze-dried, weighed, ground to a fine powder, and subjected to extraction in 80% methanol (MeOH) (ca. 10 g per 100 ml of MeOH). The extracts were then filtered using filter paper (Whatman no. 1), and MeOH was evaporated using a rotary evaporator (model R-114; Büchi, Flawil, Switzerland) until only water remained. Sep-Pak C 18 cartridges (Waters, Milford, Mass.) were used to fractionate the remaining aqueous extracts. Extracts were injected individually into preconditioned cartridges, and the overflow (the first fraction) was collected. Cartridges were then rinsed in sequence with five solutions of differing H 2 O/ MeOH ratios: 100% H 2 O, 80% H 2 O:20% MeOH, 50% H 2 O:50% MeOH, 20% H 2 O:80% MeOH, and 100% MeOH. Each fraction was collected individually, dried, dissolved in MeOH, and bioassayed.
A 10-mm well was made in the center of petri dishes containing 20 ml of PDA medium. A 200-l aliquot of each fraction was placed in the well of each plate prior to being inoculated with Phomopsis sp. (a 5-mm inoculation plug was placed 2 cm from the well). The growth of Phomopsis sp. was recorded after incubating at room temperature for 3 days. The culture medium (with or without hygromycin B) was used as control. The fraction(s) with the strongest antifungal activities was dried, dissolved in MeOH, and further purified using preparative thin-layer chromatography (PTLC) on silica gel plates (60 F 254, 0.1 mm thick, 5 ϫ20 cm; Merck, Darmstadt, Germany). The chromatograms were developed in ethyl acetate-formic acid-acetic acid-H 2 O (100:11:11:27, vol/vol). In order to visualize non-UV absorbing compounds (compounds with no chromatophore), PTLC plates were visualized with iodine vapor and with an anisaldehyde-sulfuric acid spray reagent (12) . Chromatophoric bands containing fungal metabolites appeared as dark green spots and their retention values (R f ) were calculated. In particular, one compound (later named flocculosin), present within WT and group I mutant extracts and absent in group IV mutant extracts, was purified using PTLC and Sep Pak C 18 cartridges and bioassayed with Phomopsis sp. to evaluate its fungitoxicity.
Structural elucidation of flocculosin. (i) NMR spectra. 1 H nuclear magnetic resonance (NMR), correlation spectroscopy (COSY), heteronuclear multiple quantum coherence (HMQC), totally correlated spectroscopy (TOCSY), 13 C NMR, distortionless enhancement by polarization transfer (using a 90 and 135°d ecoupler pulse), and 31 P NMR of flocculosin were recorded using a Bruker DMX-600 NMR spectrometer in MeOH-d 4 as solvent using a 40-mg sample of pure freeze-dried compound isolated from the WT strain. All chemical shifts are given in parts per million relative to solvent residual peaks, and couplings, where possible, are given in Hz. The mass of flocculosin was determined by fast atom bombardment mass spectroscopy (FABMS) and liquid chromatography mass spectroscopy-electrospray ionization (LCMS-ESI) analysis. FABMS spectra were recorded using a VG Autospec-Q instrument with LS1MS source at 20 kV and 2 A of current. LCMS-ESI spectra were recorded using a Jaguar Chroma-TOF (LECO, St. Joseph, Mich.) instrument with an Agilent (Palo Alto, Calif.) 1100 series high-performance liquid chromatograph (HPLC). LCMS-ESI spectra were processed and analyzed using the Jaguar version 1.00 software. For LCMS-ESI analysis, pure samples were diluted in 50% H 2 O:50% MeOH to facilitate ionization and analyzed in negative mode with ESI at 75 eV. The infrared spectra of pure freeze-dried flocculosin were recorded using an MB series ABB Bomem Inc. (St. Laurent, Canada) instrument in KBr. Furthermore, the products of acid and base-catalyzed hydrolysis degradation experiments were analyzed using LCMS-ESI and HPLC, Agilent 1100 series equipped with a differential refractometer (model 2142; LKB Bromma, Golden, Colo.) to confirm the identity of sugar moieties and the overall structure of flocculosin derived from the spectroscopic analysis performed.
(ii) Spectrum of antifungal activity for flocculosin. Bioassays against different fungal species were carried out to determine the antifungal activity of flocculosin. A 5-mm agar plug of P. aphanidermatum, P. infestans, F. oxysporum, or I. bolleyi was inoculated in petri dishes containing 20 ml of PDA. Solutions containing different concentrations (0 to 1,000 g) of pure flocculosin (isolated from the WT) diluted in 100 l of MeOH were deposited into wells (5-mm diameter) bored 2 cm from the infected agar plugs in each plate. The plates were incubated at 25°C for 3 to 8 days until inhibition of fungal growth appeared.
For bioassays with C. albicans, a sterile aqueous solution containing yeast cells was combined with YMGA medium, and 20 ml was then poured into a petri plate. A well (5-mm diameter) was bored in the solidified medium, and flocculosin (0 to 1,000 g concentration) diluted in 100 l of MeOH was deposited into the well. The plates were incubated at 28°C until inhibition halos were observed. All bioassays were repeated three times for each strain tested, and pure MeOH (100%) served as the control.
RESULTS
Fungal transformation. Approximately 20 P. flocculosa transformants were obtained per 10 g of linearized plasmid DNA per 10 8 protoplasts as described before (8) . Such transformation experiments were repeated several times and altogether produced some 600 transformants; 160 of these were selected randomly and subjected to further analyses as described below.
Antagonistic activity of transformants. As shown in Fig. 1 , Phomopsis sp. was inhibited to various degrees when confronted with P. flocculosa WT and the transformants. All transformants tested were classified into four statistically distinct groups based on their antagonistic activity with Phomopsis sp. (Table 1 ). Most transformants were classified into group II and were indistinguishable from the WT. Some transformants displayed a stronger antagonistic effect than the WT (group I), while others had a lower (relative to the WT) antagonistic effect (group III). Of particular interest, 14 transformants exhibited no activity against Phomopsis sp. (group IV).
To evaluate the stability and reproducibility of the transformants' phenotypes, bioassays were repeated the following year using continuously subcultured mutants. In the absence of selection, some transformants lost their resistance to hygromycin B, and only those mutants retaining antibiotic resistance were reexamined. Out of the 14 mutants in group IV, six retained hygromycin B resistance and showed the same phenotype as observed during the first bioassay. Similarly, of the 12 tested strains in group I which originally had a stronger antagonistic activity compared to the WT, eight had reverted to the same antagonistic level against Phomopsis sp. as the WT. This loss of antagonistic potency also coincided with an inability to grow on selective medium. Stable transformants were then bioassayed with S. fuliginea, one of the powdery mildew pathogens controlled by P. flocculosa. As shown in Table 2 , treatment of powdery mildew colonies with group I transformants caused their collapse within 24 h (90 to 95%), and conidial chains were completely colonized by P. flocculosa. The activity of group I transformants equaled that of the WT in their ability to colonize the conidial chains of the obligate parasite. In contrast, no collapse of powdery mildew chains was observed for mildew colonies treated with group IV transformants or for the control which consisted of infected cucumber leaves treated with PDB broth alone. Taken together, these bioassay results with S. fuliginea paralleled those obtained with Phomopsis sp.
Genetic analysis of mutants. Southern blot analysis was carried out with 20 transformants chosen randomly from all four groups. Genomic transformant DNA was digested with SacI, an enzyme having one known corresponding restriction site within pSceI-Hyg, and hybridized with the plasmid which served as a probe. In all cases, a strong band at 5.9 kb corresponding to the size of the plasmid was detected, suggesting that the plasmid was inserted in tandem copies within the genome (data not shown).
Contour-clamped homogeneous electric field (CHEF) electrophoresis and hybridization were performed for the six group IV mutants that had lost their biocontrol activity. Figure 2 shows the results of hybridization between the electrophoretic karyotypes of P. flocculosa and the plasmid probe. Depending on the transformant analyzed, the number of chromosomes in which the plasmid DNA was integrated varied. For instance, four out of the six mutants demonstrated integration within two or more chromosomes, while the remaining two mutants (PF88 and PF96-1) displayed hybridization within a single chromosome. Interestingly, all mutants harbored at least one insertion on the same chromosome (largest chromosome in Fig. 2 ). In addition, an ethidium bromide-staining gel showed that mutants PF79, PF96-1, and PF100-1 contained the same amount of genomic DNA (data not shown), and the various intensities of the hybridization bands from these mutants (Fig.  2 ) strongly suggest the presence of multiple copies of the plasmid inserted at a single chromosomal site and/or multiple integration sites within a single chromosome.
Extraction and isolation of antifungal metabolites. Extracts prepared from group I, group IV, and WT cultures were separated into six fractions; the strongest antifungal activity was found in the 80% MeOH:20% H 2 O fraction. The same fraction prepared from group I and group IV transformants and the control (medium with hygromycin B) was then compared to this antifungal WT fraction. As shown in Fig. 3 , the extracts prepared from group I transformants displayed a stronger level of inhibition compared to the WT, while the same fraction from group IV or from the control showed no sign of fungitoxicity. The 100% H 2 O fraction eluted from all transformant cultures tested was slightly fungitoxic and was found to contain the hygromycin B added as a selection marker, thereby eliminating the antibiotic as the source of antifungal activity within the 80% MeOH:20% H 2 O fractions. Using TLC with an anisaldehyde spray reagent, a major chromatophoric band (R f ,
FIG. 2. Southern hybridization analysis of P. flocculosa (WT) PF-1 chromosomes and deficient mutants with
32 P-labeled pSceI-Hyg, separated by CHEF gel electrophoresis. Lanes 1 to 6 correspond to mutants PF78, PF79, PF84, PF88, PF96-1, and PF100-1, respectively. Structure elucidation of the purified antifungal molecule. Based on the spectroscopic data and the analysis of acid/base degradation experiments, the chemical structure of the purified molecule was derived (Fig. 4) . From the 13 C NMR, 1 H NMR, COSY, and TOCSY spectra, it was evident that the molecule contained two glucopyranose moieties in a ␤ 1-4 association, as well as an 18 carbon aliphatic chain linked to the anomeric carbon of the first glucose moiety. Since no signals suggesting the presence of double bonds were detected in either the 13 C NMR or 1 H NMR spectra, and given this molecule's failure to react with iodine vapor when spotted on TLC, we concluded that the aliphatic chain was saturated. The identity and site of attachment of the smaller acetylated chain (C-1Ј-C-6Ј) was derived from 13 C NMR, HMQC, and TOCSY spectra. No signals were detected for the 31 P NMR spectra, confirming the absence of atomic phosphorus from the structure, thus excluding the molecule as a phospholipid. Complete 13 C NMR and 1 H NMR data are presented in Tables 3 and 4 . FABMS analysis gave one signal at 877.5 Da corresponding to a molecular mass of 854.6 Da plus 22.9 Da for sodium. LCMS-ESI analysis of the glycolipid gave a clear molecular ion peak as well as several daughter fragments: (the relative abundance of each peak is expressed as a percentage in parentheses): 853. 5 
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Spectrum of antifungal activity for flocculosin. In addition to Phomopsis sp., the antifungal activity of flocculosin was tested against five filamentous fungi and two yeasts. Flocculosin was most effective against P. aphanidermatum, showing potent fungitoxicity at 20 g (in 100 l of MeOH). It was equally effective in inhibiting the growth of B. cinerea and P. infestans at 100 g as well as that of C. albicans. No activity was detected against F. oxysporum and I. bolleyi.
DISCUSSION
In this work, we report the first insertional mutagenesis of a fungal biocontrol agent and the discovery of a rare cellobiose lipid with antifungal activity accounting for, at least part of, the antagonistic properties of P. flocculosa. By using transformation-mediated integration as a mutational tool, we were able to obtain six stable mutants which had lost their biocontrol properties (group IV), as well as 39 other mutants with altered antagonistic properties compared to the WT strain (groups I and III) among 160 tested transformants. This represents an extremely high percentage (28%) of mutants, compared to previous studies with fungal pathogens reporting 2.0% for Colletotrichum magna (23), 1.4% for U. maydis (6), 0.27% for D. discoideum (17) , and 0.4% for Colletotrichum gloeosporioides (33) . However, if a phenotype is controlled by multiple genes, high mutation frequencies can be expected. In the case of P. flocculosa, multiple genes are likely involved in its biocontrol activity. Alternatively, from the hybridization results of CHEF electrophoresis, we have noticed that all deficient mutants has at least one insertion in the same chromosome (Fig. 2) . It is therefore conceivable that there is an integration hot spot in this chromosome, possibly within a gene required for the antagonistic activity, thus leading to multiple hits in the same target.
Although a number of gene disruption techniques have been used to reveal the role of certain enzymes in biocontrol and pathogenic fungal agents (6, 24, 28, 32) , insertional mutagenesis has never been used to our knowledge for the study or identification of biocontrol genes or gene products in antagonistic fungi. This may be explained in part by the limited number of fungal biocontrol agents that have been studied in detail and also by the difficulty inherent to achieving a reproducible transformation system for these fungi. However, this report highlights the scientific opportunities that can arise as a result of developing such a system for a fungus displaying biocontrol properties. More specifically, the production of mutants with altered properties provides unique insight into the genetics, the mode of action, the ecology, and the fitness of these beneficial fungi. Incidentally, this opportunity has been exploited in the past for simpler bacterial systems where mutants of antagonistic bacteria were used as tools to discover bioactive toxins and siderophores etc. (16, 19, 31) . In our system, group IV mutants have provided direct evidence that the biological control potential of P. flocculosa can be completely inhibited by a rather simple genetic manipulation; alternatively, group I mutants seem to indicate that it is possible to enhance this biocontrol potential. As a result, both groups represent invaluable and unique biological tools to study the genetics and regulation of genes involved in biological control activity.
The deficient group IV mutants of P. flocculosa generated by genetic transformation have conferred a direct way to detect metabolites involved in the antagonistic capacity of the fungus. Based on bioassays that confirmed, both using a test fungus and the target fungus S. fuliginea, that mutants had lost their biocontrol properties, comparative extraction of metabolites from WT and mutant specimens led to the identification of flocculosin, a novel glycolipid. This discovery bears many important implications. First, it describes a simple yet elegant technique to screen for bioactive metabolites from fungi with known biological activity; by blocking the expression of genes responsible for the activity, it becomes much easier to isolate and identify the molecule(s) responsible for such activity as demonstrated in this study. With the current quest for bioactive molecules from natural sources, this approach could be implemented in other fungal systems of interest.
Secondly, it provides biological material with unique genetic keys to decipher the mode of action of biocontrol agents. At this time, there are still very few biopesticides on the market in spite of the increasing demand for biocontrol methods (9) . A better understanding of the properties of beneficial agents and more specifically of the genes conferring a given fungus its biocontrol potential would prove useful in both facilitating requirements for registration of such agents and improving their salient properties. This is particularly true in the case of fungi lacking a sexual stage, such as most biocontrol fungi identified to date (e.g., Trichoderma spp.), where it becomes difficult to identify the genes of interest. Indeed, when using DNA-mediated transformation as a mutagen in fungal systems, the ultimate objective is to tag the genes of interest for their subsequent identification and manipulation. However, in similar previous studies, substantial portions (20 to 100%) of generated mutants were not tagged by the transforming DNA (3, 10, 18, 20, 26) . It has been proposed that the transformation process itself can cause deletions and chromosomal translocations which may lead to the mutation. Therefore, it is impor- tant to confirm that mutations obtained from insertional mutagenesis are associated with an integrated DNA. This can be done by genetic crosses in which the mutant phenotype is shown to cosegregate with the selectable marker on the inserted plasmid. However, for P. flocculosa, a fungus lacking a known sexual stage, the method of choice for verifying that a given mutant has been tagged with the inserted plasmid is the cloning of its DNA flanking the insertion site(s) and subsequent functional complementation by transformation. Thirdly, the isolation and identification of a rare cellobiose lipid specifically absent in deficient mutant cultures provides many interpretations. Since the molecule is toxic to fungi within the spectrum of activity of P. flocculosa (2) , it seems quite evident that it plays a key role in its biocontrol activity. P. flocculosa has long been described as an agent acting by antibiosis against its targets and to date three fatty acids with antifungal activity have been isolated from the culture filtrates of the fungus. However, these fatty acids could only be isolated in detectable quantities following long periods of culture. In light of the proposed structure for the glycolipid identified here, it is possible that the fatty acids previously identified are either products of degradation, products of catalysis, or are additional bioactive molecules produced by P. flocculosa. Another intriguing aspect of this cellobiose lipid is its unusual and rare structure for which there is very little precedent of analogy in the literature. Such glycolipids have been reported recently in Cryptococcus humicola with mycocidal activity against a broad spectrum of both basidiomycetous and ascomycetous yeasts (22) . These authors suggest that the glycolipids interfere with membrane integrity which supports the model proposed by Avis and Bélanger (2) for the activity of P. flocculosa. In addition, Spoeckner et al. (29) have described similar compounds produced by U. maydis and some of its anamorphs with no mention of antifungal activity.
In conclusion, this successful insertional mutagenesis of a fungal biocontrol agent, P. flocculosa, has led to the creation of mutants with deficient and enhanced biocontrol properties. This material was used for screening bioactive molecules which allowed the identification of a rare and unusual cellobiose lipid (named flocculosin) that not only explains part of the biocontrol potential of P. flocculosa but confirms phylogenetic link with U. maydis and other Pseudozyma spp. This approach and the biological material thus obtained can find a variety of applications in the discovery and manipulation of gene and gene products from fungal biocontrol agents.
